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NATIONAL ADVISORY CCMMITTEE FOR AERONAUTICS.
TECHNICAL NOTE NO. 258.

WALL INTERFERENCE IN CLOSED TYPE WIND TUNNELS.

By George J. Higgins.

Summa.ry

4 geries of tests has been conducted by the National
Advisory Committee for Aeronautics, in the variable density
wind tunnel on several airfoils of different sizes and sections
to détermine the effect of tunnel wall interference and to de-
termine a correction which can be applied to reduce the error
caused thereby. The use of several empirical corrections was
attempted with 1ittle success. The Prandtl theoretical correc-
tion gives the best results and its use is recommended for cor-

recting closed wind tunnel results to conditions of free air.
Introduction

When tests are made on modelsg in wind tunnels to determine
their aerodynamic characteristics, the results obtained are not

truly representative because of the limited air jet of the tun—

nel. The boundary of the jet, whether free or enclosed by walls,

affects the fiow to a considerable extent. This effect has been

considered theoretically and a method devised for correcting the

results from wind tunnel tests.
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Experimental confirmation of this correction is extremely
tesirable and though such confirmation has been obtained in
wind tunnels in REurove, tests for that purpose had not been made
in the wind tunnels of the National Advisory Committee for
seronautics. A series of tests was therefore authorized to be
conducted by the aerodynamics staff to be made in the variable
censity winc tunne€l at the Langley Memorial Aeronzutical Labor-
ttory, Langley Field, Virzinia.

This investisation was to consist of force tests on several
rirfoil mofels of the %.A.0.A. }-€ section, having's constant
2rord and a varying svan, fromr which some idea of the effect of
tunnel malls could be ascertained.

Data from orevious tests on the M-6 airfoil section were
also available and were used in the analysis. For furither con-
firmation, in conjunction with anotrer investigation, tests
were made on three airfoil models of the R-A.F. 19 section, each

_ having the same asvect ratio btut different areas.
The Tegts

The tests on the H.4.C.4. M6 in this investigation were

conducted after the usual method emploved in the variable densi-.

%7 wind tunnel (Reference 1). The angle of attack was varied
from -3° to +21°. Funs were made at several densities, or

neynolds Xumpers. The R.A.F. 19 series was simllarly tested.
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The N.4.C.4. ¥-8 secotion model was 45 inches by 36 inches
in plan. It was tested in this fomrm, of'aspect ratio 8.00,
ant taen cut off on the ends so that the sPan-beoame 33 inches,
giving the aiffoil an aspect ratio of 7.13. This pracedure
was repeated, making tests on the airfoil —~ith aspect, ratios
8.00, 5.33, and 4.44. The R-A-F. 19 mocels were all of asvect
ratio .00 but had nlan form dimensions of 4 inches by 24 inches
5 inches by 30 inchnes, and 6 inches by 36 inches. All models
were of duralumin end machined to within +0.002 inch of the
snecified ordinates.

Regsults and Discussion’

Readings of 1lift and drag at various angles of attack were
obtained av1d reduced to 2bsolute coefficients. Those obtained
from the teste on 2irfuils of aspect ratios other than six were
reduced to coefficients of that aspect ratio 2s noited in the
figures, using the Prandtl %ueory of asvect ratio veariation.
Theae data were then victted un charts of various forms to de-
termine eny effects that might possibly te atiributed to the in-
terference of the walls. Jumerous empirical corrections and the
®randtl theoretical correction (References 2 and 3) were ap-
vlied %o fiad out —hcbtncr better agreement in the results could
he arrived at by tuneir uee.

The Frandtl correction when applied, vroduced the results

b
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which were in best acrecment (See Figures 1 to 10 inclusive).

The corrections used were:

_ 5 cr
AcDi - gl%__]ia_’ ? c L.
and & oy = -CLE*; ;
2mD
where Gy, = . 1ift coefficient )
GDi = induced drag coeffiglient
aj = induced angle -
S = area of airfoil

D = diameter of the tunnel

These.émounts were added to the Op and a«, rTespectively.
Fisures 1, 3, and 3 show the polar curves of the N.&.C.A.
' M_8 ~irfoils of various aspect ratios! Figure 1, thc results
in coefficient form as observed in the tuannel; Figure 2, the
égme, corrected to aspect ratio 6.0C of the same span in the
tunnel; end Figure 3, the same, corrected also for wall inter-
ference to azree with the 44-inch by 27-inch airfoil as tested
in the tunnel, using the Prandtl formula. It can be seen that
the ecattering of poiﬁts ig less in the last of these, indicat-
ing that the application of the formula improves the agreement.
' Ficures 4, 5, and © snow the 1if£ coefficient plotted
doainst the angle of attack for the same airfoils, before and

aiter the two sbove corrections have been made.

Data from previous tests at 30 atmospheres density on the
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N.A.C.A. ¥-8 airfoil, mace on models of Gifferent sizes, aspect
ratio 6.20, are compared witn those of these tests in Fiqures
7 and 8. The vpolar curves show very good azreement after the
correction has been added.

In Figures 9 and 10, the results of the R.A.F. 19 airfoils
(Revnolds Number SSG,OOO) are cshown plotted as polar curves
without and with the Prandtl correction avplied. Here, like-

wige, the results are imvroved by 1its use.
Conclusion

Test data from closed wind tunnels on airfoils of a given
section, but having various plan forms, agree better when cor-
rected for tunnel wall interference by the Prandtl theoretical
formula. Its use ig recommended for correcting wind tunnel

data to the conditions of free air.
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Fig.l Variable density wind tunnel, tunnel wall effect.

"WA.C.A, ¥-6 airfoils of various aspect ratios, as

observed in tunnel. Average Reynolde Ho.3,150,000



F.A.C.A. Techniceal Hote J0.356 Fig.=

21a &
1.3 d?%fé/

1,0 @/é

0.8 Féz
oo [

0.4

-8
0 .04 .08 .13 .16 .30 24
Cp

Fig.2 Varisble density wind tunnel, tunnel wall effect.

N.A.C.A. M-6 airfoil of various aspect ratlos,corrected
to aspect ratio 6.in tunnel. Average Reynolds No. 3,150,000.
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Fig.3 Variable density wind tunnel, tunnel wall effect.
N.A.CI(A. -6 airfoll of various aspect ratios, corrected
for wall interference, aspect ratio 6, in tunnel. Average
Reynolds No. 3,150,000.
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Fiz.4 Variagble donsity wind tunnel, tunnel wall effect. N.A.C.A.
-6 airfoils of various asnect ratios, as observed in
tunnel. Average Reynolds MNo.3,150,00C.
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¥—-6 alrfoll of various aspect ratios, corrected for
wall intsrference aspect ratio 6, in tunnel. Averagze
Reynolds No. 3,150,000,
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Fig.7 Variable density wind tunnel, tunnel wall effect.

N.A.C.A. M-8 airfoils of various sizes, as observed

in tunnel. 20 atmospheres density.
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Fig.8 Variable density wind tunnel, tunnel wall effect.

N.A.C.A. ¥-6 airfoils of varlous sizes, correscted for~
wall interference, aspect ratio 6 in free air, 20 atmospheres.
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Fig.9 Variable density wind tunnel, tunnel well effect.
. R.A.F. 19 airfoils of various sizes, as observed in
tunnel. Average Reynolds No.530,000
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Fig.10 Variable density wind tunnel, tunnel wall effect.
. R.A.F. 19 airfoils of various sizes, corrected for
wall interference, to aspect ratio 6 in free air. Avarage
Reynolds No.530,000



